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Objective:Our main goal was to measure physical activity (PA) in people with paraplegia. Secondarily, we aimed
to establish the relationship between being engaged in physical exercise (PE) and reaching the recommended
moderate-to-vigorous physical activity (MVPA) level. We further analyzed the effect of being engaged in PE on
the PA levels.
Design: Descriptive cross-sectional.
Setting: Spanish associations for individuals with spinal cord injury.
Participants: Ninety-six manual wheelchair users with chronic paraplegia.
Interventions: Participants wore a wrist accelerometer for one week.
Outcome Measures: Levels of PA and sedentary behavior. In addition, participants were classified into two
groups, exercisers (EG) and non-exercisers (NEG) to analyze the effect of PE enrollment on the variables.
Results: For all participants, a mean (SD) of 5,341.70 (966.4) minutes per week were spent engaged in
sedentary behaviors, 2,188.99 (723.9) minutes were spent engaged in light activity, and 206.24 (180.0)
minutes were spent engaged in MVPA. There was a significant relationship between PE and reaching the
minimum levels of MVPA recommended [x2 (1) = 25.03, P < 0.01]. NEG showed a greater number of minutes
per week for sedentary behavior [t (94) = 2.50, P < 0.05, r = 0.25]. The EG spent more than twice as much
time doing MVPA than the NEG (263.8 min vs 114.3 min, respectively).
Conclusions: MVPA levels are low in manual wheelchair users who are not regular exercisers, but most of those
who self-reported being regular exercisers reach the minimum levels recommended for health benefits.
Sedentary behavior is a concern in this population.
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Introduction
People with spinal cord injury (SCI) tend to perform a
lower amount of physical activity (PA) and, therefore,
their energy expenditure is reduced.1 It is well known
that the lack of PA and sedentary lifestyles have adverse
health effects, that become even more relevant in the
SCI population. After the injury, a significant decrease
in total lean mass, particularly in lower extremities, and
an accompanying increase in fat mass occurs, which

causes several metabolic-associated disorders related to
the metabolic syndrome whose prevalence in the SCI
population varies between 23% and 43%.2,3

Furthermore, sedentary individuals present an increased
risk of obesity and obesity-related conditions such as dia-
betes and cardiovascular disease, the latter being the
most common cause of death in people with chronic SCI,
over 60 years of age or after 30 years following injury.4,5

Previous studies have concluded that engagement in
physical exercise (PE) is associated with improved phys-
ical fitness and health in people with paraplegia,6,7 and
helps to reduce the impact of related pathologies.8,9 PE
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also provides psychological benefits such as depression
and anxiety reduction, improves quality of life, self-
esteem and body image, reduces the need for medical
care, and promotes a greater community involvement.10

Some authors recommend a minimum amount of
180 min of moderate-to-vigorous physical activity
(MVPA) per week in order to obtain health benefits in
the SCI population.9,11,12 Nevertheless, PE performed by
people with paraplegia may not be enough to achieve
this level, as the energy expenditure (EE) during PE in
this population is usually lower than in people without dis-
abilities.13–15 Therefore, it is important to determine
whether this population is able to reach the recommended
MVPA level with a certain amount of PE. Such infor-
mation would likewise be useful for the purpose of plan-
ning rehabilitation programs for people with SCI.
Several previous studies have aimed to assess the

amount of PA in the population with paraplegia and
to establish PA patterns. Most of these studies used
self-reported questionnaires or telephone surveys to
obtain the data.16–22 However, when recalling the
amount of their PA, participants tend to overestimate
the time spent doing MVPA23 compared to the results
obtained from other objective devices such as acceler-
ometers. In this regard, although there are valid
studies already reporting PA amounts using acceler-
ometers,24–32 only two designed specific equations for
the SCI population33,34 using a small sample size.
Therefore, our main goal was to measure the amount

of PA that manual wheelchair users with chronic para-
plegia perform. Secondarily, we analyzed the extent to
which being engaged in PE affected the PA levels and
EE. Furthermore, we aimed to establish the relationship
between being engaged in PE and reaching the rec-
ommended MVPA.

Methods
Participants
The sample size calculation was based on recommen-
dations for cross-sectional studies35 using previous data
from our pilot study in which we obtained a mean of
1.53METs and a standard deviation of 0.12. We standar-
dized the total range, set at 5% of the mean, and estab-
lished a confidence interval of 99%.36 The sampling
plan required a sample of at least 66 individuals.
Finally, 96 (83 males and 13 females) manual wheelchair
users with chronic paraplegia were included in the study.
All participants provided written informed consent,

and all procedures were conducted in accordance with
the principles of the Declaration of Helsinki of the
World Medical Association. The protocols were
approved by the Ethics Committee of our institution.

Procedure
This was a cross-sectional study conducted in collabor-
ation with health personnel from Spanish hospitals, uni-
versity departments and sports associations experienced
in research on people with paraplegia. All the collabor-
ating institutions participated in the sample selection.
The data collected from the various institutional
centers were sent to the principal center with an alpha-
numeric code for identification (to preserve the privacy
of the participants).
Individuals with a stable clinical condition (i.e. the

event occurred more than one year before the study)
with the injury located between T1 and T12 and all
using a manual wheelchair as their primary means of
mobility were eligible to participate in the study. The
degree and extent of SCI were determined based on a
complete neurological examination conducted by a
medical specialist according to the American Spinal
Injury Association Impairment Scale (AIS), and only
patients graded A or B on this scale were selected. We
used a check-list to ensure that participants met eligi-
bility criteria provided by the National Center for comp-
lementary and integrative health (NCCIH) Clinical
Research Toolbox.37

Furthermore, several briefings were held with the
medical personnel to verify the exclusion criteria.
None of the participants showed symptoms of cardiore-
spiratory disease or other pathological conditions, such
as pressure sores or motor disabilities of their upper
limbs that could affect their participation in physical
exercise activities. We also excluded subjects whose
main sport was swimming, as the accelerometers could
not be used underwater. Data for this study were col-
lected by trained researchers (i.e. physiotherapists, phys-
ical education and sports graduates and medical
personnel) who participated in all stages of the study
described below.

Physical activity assessment
An Actigraph accelerometer GT3X (Manufacturing
Technology Inc., Fort Walton Beach, USA) was used
to collect the data on the accelerations achieved by the
patients over seven days. The accelerometer was a
small, lightweight device (3.8 cm × 3.7 cm × 1.8 cm,
weight 27 g) that did not interfere with the patients’
daily routines. The accelerations collected were rep-
resented by the counts obtained. Counts are used exten-
sively in this study, and they represent the amount of
acceleration between two consecutive levels of quantiza-
tion during the analog-to-digital conversion. This device
was previously validated for this population (r = 0.86;
RMSE = 2.23 ml kg−1 m−1).38
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Participants were instructed to wear the accelerometer
for a typical week, secured to their non-dominant wrist
using an elastic strap.38 The monitor was worn night and
day, and it did not need to be removed except during
activities in which the accelerometer was likely to get
wet. The acceleration signal was digitized with a fre-
quency of one sample per second, recording every
activity in counts. Data were saved to a hard disk for
subsequent analyses.

Demographics, clinical data and grouping criteria
A personal interview was conducted with each partici-
pant, including questions related to age, weight,
height, sex, time since injury and mode of mobility.
Furthermore, the participants reported hours spent on
PE per week as well as the type of PE performed.
Based on whether a participant performed PE more

or less than 3 h per week,39 they were classified into
two groups: exercisers (EG) and non-exercisers
(NEG). The purpose of this classification was to test
whether the regular practice of PE had an impact on
PA and on achieving the recommended level of
MVPA. Further, we wanted to explore if regular exercise
was enough to cover the MVPA needed to produce
health benefits.
Furthermore, depending on the amount of weekly

MVPA (registered with the accelerometers), the partici-
pants were divided into two groups: ‘under-threshold’
(UT) for those performing less than 180 min of
MVPA per week and ‘above-threshold’ (AT) for those
performing more than 180 min per week.

Data analysis
A specific ad-hoc function was written using Matlab
R2010a. (MathWorks, Natick, USA) to reduce and
remove incorrect data and to perform the calculations
involving the study variables. To accurately analyze
the accelerometer signal, all values were first checked
to guarantee that they did not exceed the established
upper limits (>5000 counts s−1). To accurately report
PA outcomes, the expected motionless periods (e.g.
watching television, reading a book) needed to be differ-
entiated from periods of non-wear. Data that comprised
1200 consecutive ‘0’ counts were defined as non-wear
time and were omitted from all further analyses.40

Participants who did not wear the accelerometer for at
least 9 h over 4 days were not included in the study. In
order to complete missing data when the accelerometer
was not worn on all seven days, the average of five or
six days was taken and the values added to complete a
seven-day week.41

To estimate the energy expenditure as measured using
the accelerometer, the equation described by García-
Massó et al. was used.38 This equation is the result of
the validation of various multiple linear models to esti-
mate O2 consumption (VO2) in individuals with paraple-
gia. Based on their results, one multiple linear model
was obtained, and an ad hoc equation was designed to
record PA with the least possible error in this
population.
The intensity levels of PA were subdivided into light,

moderate-to-vigorous and sedentary behavior42 depend-
ing on the MET. Therefore, values <1.5 METs were
considered sedentary activities, values between 1.5 and
2.99 METs were considered light activities, values
between 3 and above were considered moderate-to-vig-
orous activities. Thus, we obtained the number of
minutes per week that the participants spent performing
PA at each intensity level (dependent variables).

Statistics
Statistical analysis of the data was performed with SPSS
v.24 (SPSS Inc., Chicago, USA). First, we described the
data. Standard statistical methods were used to obtain
the mean, standard deviation of the mean, standard
error and 95% confidence intervals.
An independent t-test was performed to explore the

differences between groups (i.e. exercisers and non-exer-
cisers) on the dependent variables, namely, minutes per
week of PA, intensity levels and sedentary behavior. We
evaluated the assumption of homoscedasticity using a
Levene test and a Hartley FMax test. When this assump-
tion was violated, we used the Satterthwaite approxi-
mation to adjust the degrees of freedom for the t-test.

Table 1 Demographic and injury-related characteristics of the
96 participants.

Characteristics Mean (SD)

Age (years) 41.66 (10.29)
Weight (kg) 74.79 (15.07)
Height (m) 1.75 (0.09)
BMI (kg·m-2) 24.42 (3.80)
Time since injury (months) 199.15 (113.72)
HR (beats/min) 68.53 (12.16)

n (%)
Physical Exercise

Non-exercisers 37 (38.5)
Exercisers 59 (61.5)

Sex
Male 83 (86.46)
Female 13 (13.54)

Data are shown as mean (standard deviation) for all 96
participants; n (%), number of participants in each category and
the percentage of the sample in each category; BMI, Body Mass
Index; non-exercisers: under 180 min of physical exercise a week
(NEG); exercisers: at least 180 min of physical exercise a week
(EG); HR, heart rate.
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We used a Pearson chi-square test to analyze the cat-
egorical variables and to establish the relationship
between the PE performed (i.e. exercisers and non-exer-
cisers) and the achievement of the PA threshold (i.e. UT
and AT). Further, the Odds ratio was computed. All
tests of hypotheses were conducted at the alpha = 0.05
level (Type I error of 5%).

Results
Demographics and clinical profile: sample
characteristics
A high degree of compliance was achieved. Eighty-one
participants wore the accelerometer seven days a week,
and 15 wore the accelerometer for six days.
The descriptive demographic data and the injury-

related profiles are shown in Table 1.

Weekly levels of physical activity
For all participants, 5,341.70 (966.41) minutes per week
were spent engaged in sedentary behavior, 2,188.99
(723.94) minutes per week were spent engaged in light
activity, and 206.24 (180.03) minutes per week were
spent engaged in MVPA.

Comparison between PA levels of exercisers and
non-exercisers
Table 2 shows the difference in the PA levels between
groups (i.e. EG and NEG).
When comparing the different levels of intensity of

PA (i.e. light and moderate-to-vigorous) and sedentary
behavior in the NEG and the EG, significant differences
were obtained for sedentary behavior [t (94) = 2.50,
P < 0.05, r = 0.25], with the NEG showing a greater
number of minutes per week. In contrast, the EG
spent a greater number of minutes per week engaged
in light PA [t (94) = - 2.16, P < 0.05, r = 0.22] and in
MVPA [t (89.11) = - 4.55, P < 0.01, r = 0.42].

Relationship between engagement in physical
exercise and MVPA threshold achievement
With regard to MVPA threshold achievement, 57.3%
did not reach the required minimum number of
minutes of MVPA per week to provide health benefits.
The following table (Table 3) shows the participant
count in both groups (EG and NEG) who either
achieved or failed to achieve the MVPA threshold.
There was a significant relationship between being

engaged in PE and reaching the minimum levels of
MVPA recommended for health benefits x2 (1) =
25.03, P < 0.01. Based on the odds ratio, the EG par-
ticipants were 13.88 times more likely to achieve the
MVPA recommendation than the NEG.

Discussion
This study assessed PA in a large sample of individuals
with paraplegia with accelerometers using a specific
equation designed for this population, which reduces
the chances of measurement errors.
The mean time of sedentary behavior was 778 min/

day (13 h/ day), equivalent to 54% of the 24 h in a
day. These figures are higher than those found by
Warms et al.26 (556 min/day, approximately equivalent
to 9 h/day) in their study conducted on individuals with
paraplegia. However, the methodological differences
between the two studies do not allow to draw valid con-
clusions as the latter authors used the PAR (Physical
Activity Record) questionnaire;43 this establishes the
average activity intensity for each 15-minute period of
the day in order to determine the average amount of
time spent on a daily basis engaged in activity with
varying intensities. On the other hand, our figures for
sedentary behavior are relatively low compared to the
1,092 min/day (approximately 18 h/day), achieved in
Parkinson’s disease population using accelerometers.44

Likewise, upon comparison with previous studies con-
ducted in other population samples, our sample
showed lower values of sedentary behavior than ampu-
tees (932 min/day or its equivalent 15 h and 30 min/
day), assessed through a questionnaire, and multiple

Table 2 Comparison of the physical activity levels between
exercisers and non-exercisers.

NEG
n = 37 (38.5%)

EG
n = 59 (61.5%) N = 96

Sedentary
Behavior

5,644.6 (773.5) 5,151,7 (1,031.1) 5,341.70 (966.4)

Light PA 1,995.2 (699.9) 2,310.5 (735.4) 2,188.99 (723.9)
Moderate-
to-
vigorous
PA

114.3 (140.8) 263.8 (178.9) 206.24 (180.0)

Data are shown as mean (standard deviation), n (%) is the number
of participants in each category and the percentage is the
proportion of the sample in each category; PA, Physical Activity;
NEG, non-exercisers; EG, exercisers.

Table 3 Relationship between physical exercise and MVPA
threshold achievement.

Above threshold Below threshold

EG 37 (62.7) 22 (37.3)
NEG 4 (10.8) 33 (89.2)
Total 41 (42.7) 55 (57.3)

Data show the frequencies (and percentages) of the participants
in each category. Threshold is set at 180 min of MVPA per week;
EG, exercisers; NEG, non-exercisers.
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sclerosis subjects (1,152 min/day or its approximate
equivalent of 19 h/day), assessed using a ped-
ometer.45,46 Therefore, despite the mobility problems
in persons with paraplegia, these patients appear to
have more active lifestyles compared to people with
other illnesses or disabilities. When our results on seden-
tary behavior were compared against the data obtained
in a similar study conducted on a healthy sample,47

paraplegic study participants spent 16% more time on
sedentary behavior than healthy people, i.e. 653 min/
day (approximately 11 h/day). This could be due to
the fact there is still much to be done in terms of the
existing social barriers such as employability, leisure
time or community participation, factors that have a
direct impact on promoting active lifestyles.48–50

Therefore, the removal of barriers coupled with the pro-
motion of facilitating factors would be important to
reduce sedentary behavior in SCI population.
Regarding the varying levels of PA intensity, we

obtained a mean time of 5.2 h daily of light-intensity
activity. Unfortunately, research that directly measures
this type of PA is scarce, especially in people with dis-
abilities; therefore, the comparison of results is difficult.
When the results are compared with those obtained for
people without disabilities we found a similar pattern,
since healthy individuals spend 3.5–5.5 h per day carry-
ing out light-intensity activities.47 This is a positive
result since research findings suggest that when light-
intensity activity is increased, detrimental sedentary
time is reduced.51

The MVPA obtained for the participants was 206.24
min (an average of 29 min/day), which is a very positive
result in terms of achieving body-related health benefits,
since the minimum value recommended has been set at
180 min of MVPA.9,11,12 These data can only be com-
pared with the study conducted by Warms et al.,26 this
being the only one of the 10 existing studies that have
assessed PA in people with SCI. This study obtained a
daily mean of 17 min/day, which is lower than that
obtained in our study. However, the heterogeneity of
the diseases and injuries of the participants in said
study must be accounted for, as only 25 of the 50
manual wheelchair users had SCI. There is another
study on people with SCI28 that measured PAwith accel-
erometers and obtained an average of 49 min of
dynamic activities; however, it did not report MVPA
values, yet an elaborated concept of dynamic activities,
which, beside MVPA, included walking and general
movement. Therefore, the results are not comparable.
Although, in general, theMVPAvalues obtained in our

study exceed the established threshold, we also aimed to
compare our result on MVPA with that obtained for

healthy people. The sample in our study spent on
average 10 min/day less performing MVPA than healthy
people.47 This is a substantial difference that should be
addressed. Since it has been suggested that activities of
daily living may account for up to 50% of MVPA in
people with SCI,51 it would therefore be particularly advi-
sable for SCI population to have active lifestyles.
Even though the sample reached the MVPA

threshold, this was only achieved by 42.7% of the par-
ticipants. This suggests that factors other than injury
may affect the weekly MVPA results. When we split
the participants into EG and NEG based on the self-
reported time spent engaged in PE, the results revealed
that EG achieved an average of 260 min of MVPA per
week, thus reaching the minimumMVPA recommended
while the NEG obtained an average of 102 min per week
of MVPA, failing to reach the recommended value.
Therefore, engagement in PE is a factor that helps to
achieve the desired levels of MVPA. Indeed, the NEG
offered a low percentage of subjects reaching the
threshold (27.3%), while this was attained by 62.7% of
the EG participants. Nevertheless, although most of
the EG participants achieved the recommended
MVPA, 37.3% presented values below this threshold.
This implies that not all kind of PE, even when practiced
for more than three hours per week, help to reach the
target level of MVPA. It would therefore be interesting
for future studies to determine which PE activities
more usually performed by people with paraplegia (i.e.
basketball, hand bike, gym, racket sports) might help
them to reach such level of MVPA.
The EG spent more than twice the amount of time

performing MVPA as compared to the NEG. This sup-
ports the importance of being physically active and
potentially considering adaptive sports as it has been
suggested that people with SCI who participate in
sports tend to work at higher intensities and for longer
durations than those who merely exercise.6 This result
differs from that reported by Warms et al. (2008)26

with manual wheelchair users according to which no
differences were found in the levels of MVPA between
those who usually performed PE of those who did not.
This disparity in the outcome might be due to the way
in which they classified active and non-active partici-
pants. While our study quantified the exact time of PE
performed by the participants, their study used a classi-
fication based on the duration of exercise behavior in
participants, considering the time they had been regu-
larly doing PE.
Besides, the EG showed a higher level of light PA and

a lower amount of sedentary behavior than NEG.
Engagement in PE is related with psychological well-
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being and improve physical abilities, as shown by pre-
vious studies.6,7,52 This could in turn increase the vitality
and willingness to have a more active lifestyle in terms of
daily life activities, such as going out with friends, going
shopping, doing housework, etc.
This could lead to an increased amount of energy and

a tendency to increase the amount of daily living
activity, ultimately, leading a more active lifestyle.
Future research should measure PA levels during the

performance of different sports and PE programs and
additionally consider the use of awater-resistant acceler-
ometer in order to allow the analysis of PA intensity
levels in aquatic physical activities. We consider that
this is an important limitation of our study because
swimming is a highly widespread PA among spinal
cord injury population. Another limitation is that the
wheelchair characteristics of the participants were not
examined, and these are likely to significantly affect
energy expenditure and PA participation in manual
wheelchair users.53 The results of this study should be
taken with caution because, although the accelerometer
was small and portable, participants may have changed
their usual behavior in response to study participation.

Conclusions
In summary, our study highlights that MVPA levels
are low in manual wheelchair users who are not
regular exercisers, but most of those who self-reported
being regular exercisers reach the minimum levels
recommended for health benefits. Sedentary behavior
is also a concern in this population. Participation
in PE additionally leads to better results in light
PA levels.
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